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I, Pei Zou, declare as follows: 



I have personal knowledge of the faet^^ted herein, If called upon I would 



and could competently testify to these "Sets. 

2. I am a co-inventor of the subject matter of the patent application at issue as 
referenced above for "Method and Apparatus for Controlling Topological 
Variation on a Milled Cross-Sectional of a Structure." 

3 . At the time the subject matter of the patent application at issue was invented, I 
was an employee of FEI Company of Hillsboro, OR, the assignee of the 
present application. 

4. Along with my co-inventors, I conceived the invention before March 6, 2003. 

5 . Along with my co-inventors, I reduced the invention to practice before March 
6, 2003, as shown by the invention disclosure produced by my co-inventors 



J hereby certify that this correspondenra is being ^simtted by facsimile to the United States Patent and 
Trademark Office, on this the /y yte^f rj&A 2008. 
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.!„ . .^andme.^A:da^k.efc^ r - 

IJiercby declare, i&at all statements made herein arc .made of my owitaorsvledge 
and are true aud.that. sll stat©me?titsiirade oainfcntta^on and^belief are Relieved to be 
true;; and forfher that 1kes# sfatemenis *wsre Tnrife wth ftte knowledge that "wiUfql iaise 
3ta$smpnts and ike like 55) iaaa^«re punisha:ble bp iiiie. or k^isomneri^ ot T?d1ii;under 



Under pepait? ofja^ury, I declare thai the foregoing is true smd carreotlfais 
10 day tjf , 2D08 m E ^r ao at,. gdffiinici US v 
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# m company- 



Disclosure Number: 



(To be- assigned) 



iBveniion T)iftclosTirfe Form 

PURPOSE - This form is to be used to document and disclose to FEJ Company inventions you 
have made Ifvou havequestions on when this form should be used, please review the Invention 
Disclosure Form FAQ available onFElnet or contact the FEI Company Legal. Department. 

■mSTRriCnOtfS- Provide answers to each .of the sections below to the best, of your ability. Once 
the form is done, please provide an emailed soft copy and a signed hard copy to your division * 
Intellectual Property Xeview Board representative (see the "Legal" section ofFElnet for more 
information). 

1. Hatef 

2. Invention Title: Improving Precision of SEM Metrology by Eliminating Topographic 
Artifacts ob&^JB Milled Cross Section. 



3. JrbnarjJEICojitacfcPeiZoii 

4. Commercial Advantage ^ . 

What current or futureproduots would incorporate the mvenriori? How does the invention 
add value to entreat or future products or reduce costs? 

. + lids invention can be used mall current andfiUumi-Dmetrolos'P»^^^^ l ^f^^ 
■ where the cross section area islarge in the ^direction . (£,g. write head pole metrology for datastorage 
' prvauct.hne)to iinprmejpreasion, reduce cycl^tima and tmpraverdbvstness. 
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Thn initial work to incorporate carbon (Cjina data storage mtnvlqgy process was documented o?^ 
M Wi an.email message by Jason Arjavac The. attached document showed cross sectton.images of wo 
Heaapoles with carbon as the overiayer. Both the email andthegtrtj^tf^nwntxn-e on file with Jason 
Anavac More systematic carbon deposition ^orkstnncdonW^^^^n the 865-01 tool located w 
Building 1 in HiUsboro. OIL [ Pei Zau s s FU interna] notebook??. 1). Using carbon in a FB cross-section 
started oM WeiZou 's FE( internal notebook PP> 1 6). The idea of matching FIB milling rales 

arbitrary cross section wascapturcd in an internal FEI repor^jte^^^^^ 
^^^^^Me first attempt to deposit C away from the area pf interest was made ^^^^^BV 
e^oTsFEJnotebook, pplOl), 

6. Purpose*, of Invention 

What problem^ solved T?y fhe invention? 

Problem Background: SEM Image based -metrology relies upon the ability to make measurements between grey 
level transitions, These >grey level variations arise from (a) topographic features^am f (bj material differences. In 
•cross section metrology the desire.^ to reduce any topographic features so that measurements are based entirety 
upon the -materia} deferences. A common problem however is thai zhecross sectional have.unintended topographic 
featuresor "aindining'' which arisesiromfhe variability of mill rates fi>r different materials. Figure J shows an 
excm^le-ofctirtaining. Note how the topographic features ^:^-r^o/^ ^^^^e^^orfaw which can obscure 



This Jnventiondimimshes the topographic features to apoini where they do not affect the metrology. The 
resulting measurements are moreprecise and more robust to process variations. 



7. Prior Art . 

How is iheprdblem currently solved? list pdbHcations ox patents .of which you are aware 
that describe the problem and current solutions, 

Thealtermtive is toper form the metrology in a vu& which-ignores the topographic features -and tries to 
measure only the mderfying^taierial d^ffet'ences. Mils requires very careful image processing steps for edge 
detection. These tend-to be not very reliable for SEMimages-whicli -have large amounts of noise and. contrast 
variations. 

There are cteo a couple of methofc One method to 

reduce the to^og?^'hic features Is. to provide a protective, overcoat'which serves a-hard *4ge mask for. the 
tmderlyingmilling. Tungsten (W) is-xommonly .used for tiiU purpose. Another method is to choose a nulling 
angle which reduces, the,curtairimg. ' This can.be achieved by ffitmgiheFIB no.thai Ihe.heam is notjparallel to 
&ny>. of the p fanes which constitute material boundaries. 

There are internal FKI tedlmical documents describing W deposition. Other than that, thednventors are not 
jaware cfiany related patents. • 

;8_ Points of Norelly - 

<• Improve thepmclsion of image based metrology by reducing thetqpqgraphlc artifacts on the. cross 

sectionfaoa. Ideally the cross section faveds perfectly planar. 
* / metopographic'ai^if acts ^'be red 

jangle) match ihe underlying material of interest. 
+ I$te\overcoat can also be selected so that it -has a distinctly different. electron emission coefficient so 

ifatU appears as a d^sti7UziLyd$& 
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p. Vendors and customers 

Were vendors or customers involved in the development of the invention? If so, do you 
fcaow of any agreements -with the vendors/customers regarding ownership of intellectual 
property? Could anyone outside of FEI claim to be an inventor? 
No. No. Yes (former employee whose name will be provided soon). 

10. Concise Description of the Invention 

Max. 25 lines and one drawing; add .additional material as appendices. 

In this invention metrolog}' precision is improved by arranging the cross section face to befreefrom topographical 
.XcZSZcunoinSg disallows ^measurements to bemadevhich are based My gonjhe m*™*! 
jZ^cTratker than tomographic features. The topographic, features are eliminated by careful ^^the 
Xrtff* Me overcoat material Specifically, the ntW votes for the too matenalsare chosen to 
Tosf^afimction ofthelncideraJFlB angle. This matching is most important :m highincidentMngk (new 90 
d^jlnteaata Jorageindustry the potepiece materials une-ofien nickeled iron, ll.ese materials areneD 
ilSbyctoosingCtri^ ^oiher criterion for siting the overcoat mater* * to 

^ToZaeriaMhas^ m^servesto provide an easily 

is distinctly darker in the SEM images (see figure 2). 

' Note that Carbon is not the only mate,-ial thatprovides a good match for >nickel and iron subst,-at& 'Different 
Matesvmreouira.differerd.overcoats. This invention claims a method of choosing ihe^coat for each 
application, rather than choosing a particular overcoat material for any particular application. 

Note also that thedatafor choosing the overcoat (the mill rates at different angles, and the electron emission 
coefficients) are tabulated in standard references in thepubUcdomatn. 




CHl Pmrin fi 



Figure 1. Cross section of* nickel-iron structure which shows distinct vertical topographic feature? which make the 
nJterial boundaries difficult to distinguish: The overcoats this case is tungstec (the lighter material). 
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SIGNATURES -OF INVENTORS AND W ITNESSES 

(Please note' Apateut can be invalidated if.the correct inventors are not listed. An inventor contributes to .the 
conception of the claimed ideation. A person who exercises "routine skill" in reducing to* invention to practice or 
who supplies well-known information to the rinventore.is not himself an inventor. It is not necessary to be able to 
articulate a particular contribution for everyone that was involved in the invention, but .inventors cannot be named ox 
omitted for convenience. or politics.) 



inventor Signature. 
Trinled Name: 
Home Address: 
Citizenship: 



__ _ Date, 

James P. Nadeau 

7350 SW Danielle Ave>Beaverton, OR, 97008 
United States 



Inventor Signature^ 
Printed .Name: 
Home Address: 
Citizenship: 



Date 



Pei Zou 

2996 NW Overlook Dr.> #1511, Hillsboro, OR 97124, USA 
China 



foverHor Signature_ 
Piiuted'Nams: 
Home Address; 
"Citizenship: 



Date. 



Jason H. Arjavac 

1 8912 NW Logie Trail, Portland, Oregon, 97231-1 905 
United States 



.(Attach additional sheets as needed) 
Read and imdeistood by: 

.(Witnesses should not be involved in the development of fte "invention) 



Witness 

PrintedHaxne; 



Date 



Witness 

Printed Itfatoe: 



Date 
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